Abstract Pigmented villonodular synovitis (PVNS) has a high but variable recurrence rate. Prior studies do not compare recurrence-free survival (RFS) for various surgical approaches or salvage surgery for relapse. We therefore determined: (1) RFS after excision; (2) RFS after salvage surgery for relapse; (3) factors associated with relapse. We retrospectively reviewed the medical records of 49 patients with previously untreated PVNS of the knee (12 localized, 37 diffuse) who were treated with synovectomy from 1991 to 2008; there were 22 males and 27 females, with mean age of 35.2 years (range, 10-73). Minimum followup was 1 year (mean, 6.2 years; range, 1-13). Twenty-one patients had a relapse. The RFS for index surgery was 75% and 53%; and for salvage surgery was 71% and 52% at 2 and 5 years respectively. The RFS was 95% for open versus 62% for arthroscopic synovectomy at 2 years, 71% and 41% at 5 years. The RFS was 91% for localized and 70% for diffuse PVNS at 2 years, 73% and 48% at 5 years. Diffuse disease (RR = 4.49) and arthroscopic synovectomy (RR = 3.30) were associated with relapse. Recurrence was frequent after synovectomy. Reexcision can salvage relapses as successfully as excision for primary disease; however, morbidity was associated with additional surgeries.
Introduction
Pigmented villonodular synovitis (PVNS) was once believed to be an inflammatory reaction to an unknown cause [13] . Evidence of monoclonal origin (DNA replication from single ancestral cell) and centrifugal (tumor-like cell proliferation from center to periphery) growth patterns with capacity to erode surrounding tissues suggests a neoplastic process [10] . Despite its benign histological appearance, PVNS has a high but variable recurrence rate of 8% to 60% [3, 4, 6, 9, 11, 15-17, 19, 20, 25] . Recurrences after the initial surgery have been a major concern, particularly in large joints and for the diffuse type of PVNS [4, 19] . PVNS is locally aggressive, spreading to surrounding synovial tissues and invading adjacent soft tissue structures and bone [10] . There have been rare reports of malignant transformation and metastasis [2] . The use of more extensile approaches and adjuvant radiotherapy (external beam or intraarticular radiocolloid injection) reportedly improves local control [6, 22, 24] .
The literature suggests different factors responsible for recurrence, the most important of which include a history of previous surgery for PVNS of that joint, diffuse type of disease, large joints, and adequacy of the synovectomy [5, 19] . The rarity of the disease greatly hampers the ability to perform a prospective study in a controlled manner; hence, prior published studies on PVNS provide Level IV evidence regarding the treatment outcomes [21] . A variety of Each author certifies that he or she has no commercial associations (consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. Each author certifies that his or her institution has approved the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research.
approaches have been proposed for treating PVNS. Several options have been an all arthroscopic procedure [9, [15] [16] [17] 25] , an extensile open anteroposterior approach [6, 11] , a combined anterior arthroscopic and open posterior synovectomy [9] , and a subtotal synovectomy with adjuvant radiotherapy [3, 20] .
Given the limited information on recurrences we determined: (1) the RFS after excision; (2) whether relapse can be salvaged with reexcision; and (3) factors associated with relapse.
Materials and Methods
We retrospectively reviewed the medical records of all 49 consecutive patients of previously untreated PVNS of the knee treated with excision without adjuvant radiation between 1991 and 2008. There were 20 male and 29 female patients with an average age of 35.2 years (range, 10-73 years) at the time of diagnosis. The main principle of treatment was to resect all the diseased tissue visible on inspection using either arthroscopic or open techniques involving the anterior, posterior, or both compartments. The localized disease type was treated by marginal resection and the diffuse disease was treated with intralesional resection with excision of all the macroscopic disease. The choice of surgery depended on the tumor extent on the magnetic resonance imaging (MRI) performed during the surgeon's preoperative evaluation. All patients were examined preoperatively with standing anteroposterior and lateral radiographs of the knee. MRI was used preoperatively to assess the extent of the disease. Tumors were classified as diffuse or localized (Figs. 1, 2) . Thirty-seven patients had diffuse disease and 12 patients had localized disease. Patients were monitored for local relapse through followup clinical examination and MRI. The postoperative followup protocol included clinic visits at 2 weeks, 3 months, 6 months, 1 year and then yearly. MRI was performed at the 6 month postoperative visit. Further MRI examination was only performed if the patient presented with symptoms such as pain and effusion suggestive of local recurrence. The minimum followup was 1 year (average, 6.2 years; range, 1-13 years). The minimum followup for the salvage synovectomy was 14 months (average, 5.4 years; 1.2-11.5 years). We had prior IRB approval for our study. No patients were lost to followup.
We divided the patients into three groups depending on the surgical technique ( Kaplan-Meier life table survivorship analysis [14] was performed to determine the local recurrence-free survival 
Results
The overall recurrence-free survival was 75% ± 13% at 2 years and 53% ± 18% at 5 years (Table 1 ; Fig. 4 ). The recurrence-free survival at 2 years was 62% for Group A + B and 95% for Group C, and 40% and 71% at 5 years respectively (Fig. 5) . The RFS after excision was greater (p = 0.0071), both at 2 and 5 years, in the group which had complete open synovectomy. Twelve of 13 patients with diffuse PVNS treated with arthroscopic anterior synovectomy had a relapse compared to relapse in about 1 .
3 of the patients treated with open anterior and posterior synovectomy. Arthroscopic synovectomy had lower (p = 0.019) recurrence rate for localized disease than diffuse disease (Fig. 6 ). There were 16 recurrences in 26 arthroscopic synovectomies and five recurrences in 23 open synovectomies. The recurrence-free survival at 2 years was 91% Fig. 3 The flowchart shows the distribution of the PVNS cases according to their disease subtype and the type of surgical synovectomy. for localized disease and 70% for diffuse disease and 73% and 48% respectively at 5 years (Fig. 7) . The recurrence rate was higher (p = 0.06) for diffuse PVNS as compared to localized PVNS (Table 1 ). There were four recurrences in 12 patients with localized disease as compared to 17 relapses in 37 patients with diffuse PVNS. The excision of posterior disease (Fig. 8) in the diffuse subtype demonstrated a trend towards improved (p = 0.15) recurrence free survival in these patients compared to patients who did not get posterior synovectomy for posterior disease (Fig. 9) . Overall, 21 patients underwent salvage surgery for local recurrence. The highest recurrence was in the group of patients with diffuse type of disease treated with anterior arthroscopic synovectomy. The recurrence-free survival for the salvage synovectomy was 71% ± 21% at 2 years and Fig. 4 The graph shows the KM analysis for the recurrence-free survival (RFS) of all PVNS patients after surgical synovectomy. 52% ± 24% at 5 years compared to 75% ± 13% at 2 years and 53% ± 18% at 5 years for the primary synovectomy ( Table 1 ). The RFS after primary and salvage synovectomy showed similar trend (p = 0.63) at both 2 and 5 years after surgery (Fig. 10) . The type of surgery and the disease subtype were associated with relapse. The arthroscopic synovectomy (p = 0.010; RR = 3.30) and diffuse type of disease (p = 0.044; RR = 4.49) were associated with decreased recurrence-free survival. We observed no association of relapse with age or gender.
Discussion
The existing literature on PVNS of the knee suggests a variable recurrence rate after excision. No single study compares RFS after synovectomy via various surgical approaches or determines RFS after salvage synovectomy for local recurrence. The specific goals of our study were: (1) to determine RFS after excision comparing various surgical approaches; (2) to determine if recurrence can be salvaged with reexcision; and (3) to determine factors associated with recurrence.
We note several limitations to our study. First is the low power with a relatively small number of patients. This particular limitation may affect the assessment of factors associated with local recurrence. However, the low incidence of the disease makes larger studies difficult, especially addressing only knee. Second, selection bias is inherent in this retrospective series with the worst disease on the MRI treated with open surgery. However, despite the bias that would predict a higher relapse for open surgery, we found the reverse: open surgery patients had a lower relapse rate. Third is the lack of clinical outcome scores. However, the local relapse of the disease was documented with MRI and was treated with reexcision in symptomatic patients. Finally, we excluded patients with PVNS in other joint areas of the body so our results can likely be extrapolated only for PVNS of the knee.
When arthroscopic synovectomy is incomplete/subtotal, recurrence rates may be as high as 50% to 60% [7, 9, 17] . In our study as well, the recurrence was highest for diffuse PVNS treated with subtotal arthroscopic synovectomy and compared with recurrence rates in the literature (Table 2 ). In the hands of an experienced arthroscopic surgeon, however, arthroscopic total synovectomies with the use of both anterior and posterior portals may have a similar if not better prognosis (9%-20% recurrence) compared to open procedures [25] . Open synovectomy with anterior and posterior approach reportedly has a recurrence rate of 8% to 17% [6, 11] . However postoperative stiffness is a relatively common complication. Overall, we observed a higher recurrence rate. The recurrence was highest in patients with diffuse disease who were treated with anterior arthroscopic surgery. Thus, addressing the posterior disease in diffuse PVNS is important to improve disease free survival. In our series, arthroscopic surgery demonstrated better success in localized disease than in diffuse disease, as reported in the literature [1, 9, [15] [16] [17] 25] . There is a paucity of literature on combined open and arthroscopic approaches [21] . We include eight patients, who were treated with anterior arthroscopic and open posterior synovectomy. Two patients had relapses for which we performed salvage surgery. The RFS was better with open anterior and posterior synovectomy compared to other approaches. This could be due to improved accessibility to posterior and extraarticular disease. As previously reported [9, 17] , we found that addressing posterior disease along with anterior arthroscopic synovectomy can improve the RFS in diffuse PVNS. More extensile approaches are now being adopted in an attempt to improve the surgical excision. Flandry et al. [11] described their open technique involving multiple approaches. They only had two recurrences in 23 patients with an average followup of 58 months. Chin et al. [6] also reported their results using an extensile open posterior approach, which includes a lateral and a medial arthrotomy combined with an anterior arthrotomy. There were seven recurrences in 40 patients (18%). They used radiation therapy in most of their patients. Complications such as stiffness, contractures, and reflex sympathetic dystrophy were noted more frequently for open procedures.
Relapsed and recurrent PVNS has been a difficult problem to treat. The use of adjuvant radiotherapy along with extensile open synovectomies reportedly improves the RFS [18] . However, the use of radiation is not without complications [20, 23] . In our study we tried to study the RFS after reexcision of relapsed disease without adjuvant radiation. We found that reexcision can salvage relapses as successfully as the index surgery; however, the surgical procedure of open combined anterior and posterior synovectomy can be challenging and morbidity is associated with additional surgeries. The smaller number of patients in the salvage surgery group and the lack of comparison of clinical outcomes could be the inherent weaknesses of this comparison between the salvage and the index surgical procedures.
The success of the two procedures was however, comparable in terms of local recurrence of the disease.
We found two factors associated with higher recurrence rate are diffuse disease and arthroscopic partial synovectomy. Diffuse PVNS is more common and has a higher recurrence rate compared to the nodular type [12] . Arthroscopic partial synovectomy for diffuse PVNS of the knee is associated with higher recurrence rate [9, 17] .
The goals of treatment are surgical removal of all gross disease ensuring longer RFS and reduced joint destruction. In summary, we found recurrence was frequent after synovectomy for PVNS. Complete synovectomy with anterior and posterior approach has the lowest recurrence rate for diffuse disease. Reexcision can salvage relapses; however, higher surgical morbidity may be associated with another operation. The primary factors associated with higher recurrence are diffuse disease type and subtotal arthroscopic synovectomy.
